The threshold equation

84
The reciprocity law (Bunsen and Roscoe 1862) states that the intensity of the light and 85 duration of the exposure result in identical exposure, i.e., the total exposure (E) could be 86 expressed as
88
where I is illumination in lux which is the light density received by the light sensitive 89 material, and T is the time that this illumination acts on the light sensitive material.
90
Decreasing the received light density by a half has the same effect on exposure as 91 decreasing the exposure time to a half.
92
An average scene in nature reflects 18% of the light that falls on a built-in light meter 93 of common cameras (Unwin 1980) so that cameras are made to have standard built-in 94 light meter that receives light and adjusts exposure to obtain a photo with 18% brightness.
95
When the camera aperture setting is fixed and exposure time is unfixed (i.e., the 'aperture 96 priority' mode), the camera's built-in light meter reads the light density it receives and 97 adjusts the shutter speed (i.e., exposure time) to get an 18% gray tone on the photograph.
98
When measuring reference exposes towards the open sky, the exposure time is adjusted 99 according to the sky illumination to guarantee it produces objects at a medium grey level 100 of 18% brightness. As a result, we have
102
where T is the reference exposure time in second, S is the above-canopy PPFD in 103 µmol•m -2 •s -1 , and k is a constant when the aperture value is fixed for the same camera and D r a f t 6 The k in equation (2) 
where Y is the optimum threshold value, and X is the increased number of f-stops for 121 exposure time relative to the reference exposure. An increase in X by 1 means an increase 122 in exposure time by 1 f-stop, i.e., increasing the exposure time 1 fold. Thus, we have: 
129
Parameter k in equation (5) only unknown value on the right hand side of equation (5) is S, the above-canopy PPFD.
133
Hence the optimum threshold value Y can be calculated purely as a function of the above-
134
canopy PPFD. (Figure 1 ). The k in equation (1) Ridler and Calvard (1978) .
223
(ii) The edge detection automatic thresholding method of Nobis and Hunzicker (2005) 224 was applied using the image processing software SideLook 1.1 (Nobis 2005).
225
(iii) Our new method, where the pixel threshold value was calculated using equation (5).
226
The exposure time (T m ) we used was 1/125s, above-canopy PPFD (S) was recorded 227 automatically on top of the tower, and the parameter k was calculated as the slope in 
285
Traditional thresholding methods are reliable in estimating transmittance if photos are 286 correctly exposed (e.g., Figure 3A ), otherwise they did not perform well (e.g., Figure 3B -287 D). A superiority of our method is that we don't need to change camera exposure in the 288 field as conventional methods required and can obtain reliable estimates for transmittance that change in sky illumination is of limited influence on ISF estimation when using our 302 method. However, we would like to stress that these comparisons (Figure 4) illumination affect estimation of all parameters which are associated with gap fraction.
341
For instance, it is found that for film-based hemispherical photographs, even one stop 342 exposure can influence the leaf area index estimation by 13% (Macfarlane et al. 2000) . sky illumination and rush between the reference locations and sample sites.
367
In conclusion, in this study we propose a method using a threshold determined from 
